Elevated arterial stiffness has emerged as an important risk factor for future cardiovascular (CV) events in men and women. However, gender-related differences in arterial stiffness have not been clearly demonstrated. We thus determine whether gender affects arterial stiffness in subjects with and without CV risk factors. We consecutively enrolled 1,588 subjects aged 17-87 years (mean age: 46.5; 51% women) from the Korean Arterial Aging Study (KAAS), which is a multicenter registry from 13 university hospitals in Korea for the evaluation of arterial stiffness. We compared markers of arterial stiffness -central augmentation index (AIx), aortic pulse wave velocity (PWV), and pulse pressure (PP) amplification -in apparently healthy men and women without risk factors with those in high-risk subjects with a smoking habit, hypertension, diabetes, and dyslipidemia but without drug treatment. Aortic PWV and PP amplification were significantly higher in men than in women (7.78 ± 1.16 vs. 7.64 ± 1.15 m/s, p = 0.015, and 1.39 ± 0.22 vs. 1.30 ± 0.18, p < 0.001, respectively). However, women had a significantly higher central AIx than men (23.5 ± 11.9 vs. 16.1 ± 12.6%, p < 0.001). The central AIx and aortic PWV values were significantly higher in the high-risk group than in the healthy www.karger.com/pls © 2014 S. Karger AG, Basel group for both men and women. In men, central AIx and aortic PWV were associated positively with age and blood pressure, and negatively with body mass index. In women, central AIx was positively related to age, diastolic blood pressure, and serum cholesterol levels. Aortic PWV was positively related to age, systolic blood pressure, fasting glucose, and heart rate. PP amplification was associated negatively with age and blood pressure and positively with heart rate in both men and women. In conclusion, arterial stiffness is mainly determined by sex, age, and blood pressure. Markers of arterial stiffness differ between men and women. Dyslipidemia and glucose contribute to a modest increase in arterial stiffness only in women. Therefore, the arteries of women may be more vulnerable to CV risk factors than those of men.
Introduction
Elevated arterial stiffness is recognized as a surrogate end point for cardiovascular (CV) disease because it is closely associated with the presence of CV risk factors, subclinical atherosclerosis, and clinical CV disease including angina, myocardial infarction, stroke, and heart failure. Recent epidemiological and clinical studies have also demonstrated that arterial stiffness measured noninvasively by pulse wave analysis (PWA) and aortic pulse wave velocity (PWV) predicts the risk of total and CV mortality as well as future CV events [1, 2] .
PWA and aortic PWV measured by arterial applanation tonometry are generally considered the standard methods for evaluating arterial stiffness. PWA allows an estimation of the central augmentation index (AIx) and pulse pressure (PP) amplification. The central AIx is dependent on arterial stiffness and reflective properties, which have been shown to predict CV prognosis [3, 4] . Aortic PWV is a direct measure of arterial stiffness between the carotid and the femoral artery. A high aortic PWV reflects decreased arterial elasticity of a large elastic artery and increased aortic stiffness between two arterial sites [3] . PP amplification is the ratio of carotid to peripheral PP, which is less dependent on blood pressure but an independent risk factor for CV mortality [5] .
The central AIx, PP amplification, and aortic PWV are consistently affected by age and blood pressure. However, other risk factors including diabetes, dyslipidemia, and smoking have an inconsistent influence on the three measures [6, 7] . In addition, several studies have shown that arterial stiffness differs considerably between men and women in terms of etiology, pathogenesis, and clinical outcomes because of numerous endogenous factors, such as body size, sex hormones, and biochemical properties of the arteries, and various exogenous factors [8] [9] [10] .
However, little is known about the determinants of increased arterial stiffness in analyses stratified by gender. We thus studied whether gender affects arterial stiffness differently in subjects with and without CV risk factors, using the Korean Arterial Aging Study (KAAS) data. dyslipidemia as serum total cholesterol ≥ 240 mg/dl. All subjects were unmedicated. The study protocol was approved by the Institutional Review Boards of the 13 hospitals involved. All participants provided written informed consent.
General Data Collection
The study participants completed a standardized medical history and lifestyle questionnaire and underwent a comprehensive health examination. Body weight and height were measured while participants were wearing light clothing without shoes. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured twice in the right arm, using an automatic cuff oscillometric device (HEM-705CP; Omron Corp., Kyoto, Japan). The second blood pressure measurement of the two readings was used for data analyses. Smoking status was determined based on self-report. Current smokers were defined as participants who had smoked ≥ 100 cigarettes in their lifetime and who reported 'currently smoking' in the questionnaire. A venous blood sample was drawn from the study participants after fasting for >12 h or overnight.
PWA and PWV by Applanation Tonometry
The PWA obtained using the GAON 21 System (Hanbyul Meditech, Jeonju, Korea) provides central aortic pressure and the AIx. The latter was calculated from the left radial arterial pulse waves. The data were directly collected in a portable computer, and integral software was used to generate an averaged waveform. The systolic part of the peripheral arterial waveform was characterized by two pressure peaks; the first peak was caused by the left ventricular ejection, whereas the second peak was a result of the wave reflection. The difference between the pressure peaks reflected the degree to which the peripheral arterial pressure was augmented by the wave reflection. The peripheral AIx was defined as the ratio of the second to the first peak of the pressure wave expressed as a percentage. The central AIx was calculated from the peripheral AIx by an automatic mathematical transformation. Differences in consecutive mean data during the repeated measurements were <0.5 m/s, and the mean value was used for the final analysis. The peripheral and central PPs were defined as the difference between the SBP and the DBP derived from the brachial blood pressure and aortic pulse wave, respectively. The intra-assay and interassay coefficients of variation of the AIx were 7.1 and 9.1%, respectively.
The PP-1000 system (Hanbyul Meditech) provides aortic PWV values based on the results of simultaneous measurements of pulse waves from arteries at carotid and femoral arterial sites and the time delay (Δt or transit time) between the two wave forms. The surface distance (D) between the two recording sites of a pulse wave was measured and entered into the system to allow the calculation of aortic PWV values. PWV was calculated as PWV = D/Δt (m/s). The interobserver difference (mean ± 2 SD) for aortic PWV was 0.14 ± 0.62 m/s, and the correlation coefficients were significant for it (r = 0.93). The intraobserver difference (mean ± 2 SD) for aortic PWV was 0.01 ± 0.03 m/s, and the correlation coefficients were significant for it as well (r = 0.99) [11] .
Statistical Analysis
Unpaired two-sample t tests and χ 2 tests were used to examine differences in baseline characteristics and hemodynamic variables including central AIx, aortic PWV, and PP amplification between genders as well as stratified analyses by the presence of risk factors for coronary heart disease. Multivariable linear regression was used to explore the factors determining AIx, aortic PWV, and PP amplification, adjusted for age, body mass index (BMI), smoking, heart rate, blood pressure, fasting glucose, and total cholesterol. All analyses were performed using SPSS version 12.0 (SPSS Inc., USA). p values <0.05 were considered to be statistically significant.
Results
Baseline height, BMI, smoking history, SBP, DBP, fasting glucose, total cholesterol, and serum creatinine were significantly higher in men than in women ( table 1 ) . Aortic PWV and PP amplification were significantly higher in men than in women (7.78 ± 1.16 vs. 7.64 ± 1.15 m/s, p = 0.015, and 1.39 ± 0.22 vs. 1.30 ± 0.18, p < 0.001, respectively). However, women had a significantly higher central AIx at a heart rate of 75 beats/min than men (23.5 ± 11.9 vs. 16.1 ± 12.6%, p < 0.001).
The central AIx and aortic PWV values were significantly higher in the subgroup with hypertension, diabetes, and dyslipidemia than in the no-risk group for both men and women ( table 2 ) . However, smoking did not influence any of the three markers. PP amplification was significantly lower in the female subgroup with hypertension and dyslipidemia than in the male subgroup.
Multiple Linear Regression Analysis of the Risk Factors regarding Their Influence on Arterial Stiffness Indices
Multiple linear regression analyses revealed that women had significantly higher central AIx (β = 4.94, p < 0.001) and lower PP amplification values (β = -0.11, p < 0.001) than men. There were differences in the associations of risk factors with the central AIx at a heart rate of 75 beats/min, aortic PWV, and PP amplification between men and women ( table 3 ) .
In men, the central AIx at a heart rate of 75 beats/min and aortic PWV were associated positively with age and blood pressure and negatively with BMI. DBP was more strongly related to central AIx, and SBP was more strongly related to aortic PWV. PP amplification was associated negatively with age and blood pressure and positively with heart rate.
In women, the central AIx at a heart rate of 75 beats/min was associated positively with age, DBP, and serum cholesterol levels. Aortic PWV was positively related to age, SBP, fasting glucose, and heart rate. PP amplification was associated negatively with age and blood pressure and positively with heart rate. 21.73 ± 12.77** 16.89 ± 12.67 25.71 ± 11.42** 7.80 ± 1.24** 7.81 ± 1.16 7.80 ± 1.30** 1.32 ± 0.20* 1.38 ± 0.20 1.27 ± 0.18** Values are expressed as means ± SD unless specified otherwise. * p < 0.05, ** p < 0.001, compared with no-risk subjects for men or women. 
Discussion
In this multicenter registry from 13 Korean university hospitals for the evaluation of arterial stiffness, a sex-related difference was observed for central AIx but not for aortic PWV. Age and blood pressure were strongly associated with central AIx and aortic PWV in both men and women. DBP was more strongly related to central AIx, and SBP was more strongly associated with aortic PWV. BMI affected both the central AIx and aortic PWV in men but not in women. The total cholesterol level and fasting blood glucose contributed to the central AIx and aortic PWV only in women.
The central AIx was consistently higher in women than in men irrespective of the number of risk factors. The shorter average height of women than of men (158.3 vs. 170.1 cm in this study) results in an earlier wave reflection to the central aorta in systole than in diastole in women because of a closer proximity between the heart and the sites of wave reflection [8, [12] [13] [14] . Height is also directly related to arterial caliber and length as well as cardiac index, which contribute to a higher central AIx in woman. However, even when corrected for BMI or height, the central AIx remained significantly higher in women and gender remained independently associated with central AIx in our multiple regression analyses. These results suggest that our observation of a higher central AIx in women is partly due to gender differences in wave reflection rather than an effect on large artery stiffness or short status. Sex steroids such as estrogen and progesterone could influence the gender difference in arterial stiffness. However, we could not confirm these associations in the KAAS because we did not measure sex hormones and menopausal status in women. This issue requires further investigation [8, 14] .
Age, heart rate, and blood pressure were key determinants of the central AIx and aortic PWV in both men and women in this study, which is consistent with results of previous studies [3, 10, 15] . Interestingly, BMI was associated with aortic PWV and AIx only in men, whereas total cholesterol and fasting blood glucose were associated with aortic PWV and AIx only in women. The influence of gender on the impact of metabolic risk factors on aortic PWV and the central AIx is poorly described [16, 17] . It is possible that high cholesterol levels, hyperglycemia, and renal dysfunction may interact with estrogen or progesterone to modify the biochemical elastic properties of the arterial wall, which might, in turn, influence pressure wave reflections as well as large artery stiffness [14] .
Some limitations of our study should also be considered. First, the study was restricted to middle-aged and elderly subjects visiting university hospitals, which cannot represent a healthy adult Korean population. Second, it was a cross-sectional study; therefore, determining cause-effect interferences was difficult. Third, we did not investigate any family history of CV disease. Thus, we could not evaluate the relationship between family history and risk factors as well as arterial stiffness. Finally, our analyses were based on a single determination of the central AIx and aortic PWV, which is subject to random measurement error and may have underestimated the strength of the associations.
